This study evaluates the success of the monthly withdrawal of funds from hypothetical retirement portfolios for the period January 1930 to December 2001. The objective of this research is to provide an empirical examination of the historical effect of global diversification on the withdrawal of funds from a retirement portfolio. We compare portfolios consisting of U.S. stocks and U.S. corporate bonds, and portfolios consisting of global stocks and U.S. corporate bonds. We examine both portfolio compositions using a variety of portfolio weights, fund withdrawal rates, and fund withdrawal periods. The results of the study indicate that, in general, portfolios with a higher equity portion had a greater likelihood of sustaining a given number of withdrawals over this time. Additionally, for much of the 1930 to 2001 period, including international stocks in a withdrawal portfolio decreased the likelihood the withdrawals lasted for a given period. However, the inclusion of international stocks does increase the terminal value of retirement portfolios after withdrawals during the latter part of the period under study. The results of this study can be used for retirement planning since it provides a historical perspective on the success of various withdrawal rates. The results can also be used to determine the value of the portfolio an individual needs at retirement to fund a given level of withdrawals. This can assist in the retirement timing decision.
Introduction
With the potential problems surrounding Social Security funding, and the decline of defined benefit retirement plans, more individuals are saving on their own for retirement. Unlike Social Security or defined benefit plans, defined contribution plans make the individual responsible for their own retirement planning. This means more individuals will face the inevitable decisions: When can I retire? And, how much can I withdraw from my retirement savings without depleting my retirement account?
The decision of when to retire is critical to retirement spending. After retirement, most individuals have little earned income. It is often also difficult to re-enter the work force at a salary comparable to the salary earned before retirement. With qualified retirement plans, this decision is even more important. In a qualified retirement plan, assets grow tax-deferred. By delaying retirement, assets in a retirement plan can grow even further to better fund an individual's retirement and reduce the possibility of outliving one's retirement savings. By waiting to delay distributions, an individual can increase the size of their nest egg, or possibly increase retirement withdrawals.
At a given level of return, a higher withdrawal rate increases the likelihood the individual will exhaust retirement savings prematurely. A lower withdrawal rate increases the likelihood the retirement savings will last, but decreases spending in retirement. Most retirees prefer a larger withdrawal since it provides a greater opportunity for enjoyment of one's golden years. Modern portfolio theory suggests that diversification should improve portfolio performance. This study examines whether diversification with international stocks improves the ability of a portfolio to support the withdrawal of funds from the portfolio.
Our results indicate that the inclusion of international stocks actually decreases the ability of a portfolio to support fund withdrawals. However, in the later years of our data, portfolios consisting of international stocks perform comparably to portfolios of domestic U.S. stocks, and often have a greater terminal value at the end of the withdrawal period.
We should note two caveats. First, the purchase of a life annuity guarantees to the retiree that his/her retirement portfolio will last until death by transferring risk to an insurance company. The insurance company then has to be concerned about the fund withdrawal rate. However, the issues discussed in this paper, when to retire, and how much to withdraw, remain since they must be addressed by the insurance company as opposed to the retiree. Furthermore, as Bodie (2003) discusses, individuals do not generally voluntarily annuitize their retirement accounts. Once annuitized, the investment becomes illiquid. As a result, the investor does not have access to the cash used to purchase the annuity. There are several reasons an individual may desire liquidity, such as the potential need to pay for a nursing home, or the desire to leave the terminal balance of the retirement account to their heirs, which cannot be accomplished by an annuity.
Second, although our results generally indicate that a higher of percentage of stocks in a portfolio translates to a greater success rate for fund withdrawals, individual consumption and risk tolerance is still an important consideration. Our results are an attempt to provide an additional piece of information (beyond just expected return) that may shape the investors risk-return preferences. Indeed, the models of Markowitz (1952) , Sharpe (1964) and Lintner (1965) , among others, rely on expected returns as the critical information for the investor. However, for investors planning for retirement, it is possible that success rates can be equally as informative with respect to portfolio selection.
Literature Review
Bierwirth (1994) examines fund withdrawals from a retirement portfolio consisting of 20 percent U.S. Treasury bills, 40 percent long-term government bonds, and 40 percent large capitalization common stocks. Using data from 1926 to 1992, his analysis focused on the historical dollar withdrawal amount an investor could make without invading principal assuming a 27-year retirement period. His results indicate the Depression-era was in fact favorable for withdrawals, generating some of the better income withdrawals. His results also show the importance of the timing of returns. A major determinant of whether a portfolio can support withdrawals is the rate of return early in the fund withdrawal period. If the returns are too low, or negative, early in the withdrawal period the portfolio value may fall to a level that makes it impossible to recover.
More recently, Cooley, Hubbard, and Walz (1998 , 1999 , 2001 have examined the question of sustainable withdrawal rates. CHW (1998) analyze annual withdrawals from portfolios consisting of U.S. large capitalization stocks and U.S. corporate bonds for the 1926 to 1995 period. They find that a six to seven percent withdrawal rate appears sustainable for most periods if the portfolio is comprised of at least 50 percent equity. If the equity portfolio weight drops below 50 percent, the portfolio withdrawals did not consistently last for 15 years. Examining the sub-period 1946-1995, they find the likelihood a portfolio will support withdrawals increases slightly for some withdrawal percentages and lengths, but actually decreases for other withdrawal percentages and lengths.
CHW (1999, 2001 ) extend their previous research by examining the effect of monthly withdrawals on the sustainability of retirement portfolios. In general, for withdrawal rates of seven percent or less, the sustainability of a retirement portfolio is about the same for annual or monthly withdrawals. If the withdrawal rate exceeds seven percent, monthly withdrawals are less likely to last when compared to annual withdrawals.
CHW (1998, 1999, 2001 ) also show the importance of a diversified portfolio in funding retirement withdrawals. For many withdrawal rates and periods, a portfolio of stocks and bonds has a greater likelihood of successfully funding retirement withdrawals compared to a portfolio consisting of only stocks or a portfolio consisting of only bonds.
This result is consistent with Markowitz (1952) . Markowitz (1952) brought forth the concept that a diversified portfolio has less risk if the assets are not perfectly correlated. The returns from less than perfectly correlated assets will tend to offset each other, reducing the total risk of the portfolio. Grubel (1968) and Levy and Sarnat (1970) find that U.S. stock returns and international stock returns are not perfectly correlated, so international diversification should provide a benefit to investors. Previous research has focused on the effects of domestic diversification for a U.S. investor. The findings of Grubel (1968) and Levy and Sarnat (1970) indicate that a U.S. investor can better diversify his/her portfolio by investing in international stocks.
Other researchers have questioned the value of international diversification. Sinquefield (1996) found that during the 1970-1994 period, a diversified portfolio of the EAFE index and the S&P 500, or a portfolio including the EAFE index, the S&P 500, and long-term corporate bonds did not increase return or reduce portfolio risk compared to a domestic U.S. portfolio. Solnik, Boucelle, and Le Fur (1996) examined the correlation coefficient between U.S. stock returns and foreign stock returns during the 1961-1994 period. During this period, the correlation of returns ranged from 0.20 to 0.75. Their findings indicate the volatilities of U.S. and foreign markets were also correlated, that is, when the U.S. market becomes more volatile, foreign stock markets also become more volatile. While they find no apparent pattern of an increasing correlation among the U.S. market and foreign markets, correlation does appear to increase during bear markets. Despite the increased correlation during bear markets, they do find that international diversification reduced portfolio risk in all periods they examined. They therefore recommend a portfolio allocation of 20 percent foreign stocks. Campbell, Koedijk, and Kofman (2002) use daily data on the S&P 500, FTSE 100, CAC 40, DAX 100, and 10-year U.S. government bonds from May 1990 to December 1999 to derive a conditional correlation between these markets. They find that large negative returns in these international stock markets tend to coincide more frequently than would be expected. Their results also confirm the findings of Solnik, Boucelle, and Le Fur (1996) that the correlation among the U.S. stock markets and foreign stock markets increases during a bear market.
Modern portfolio theory proposed by Markowitz (1952) suggests assets which are less than perfectly correlated can reduce the risk of a portfolio without a commensurate loss of return. Research on the effect of international stocks on the diversification does not give a definitive answer, but it does indicate several potential results that may affect the benefits of an internationally diversified portfolio. First, the correlation among the U.S. and foreign markets is not constant. Therefore, a portfolio that is diversified in one period may not be diversified in another period unless the weights of the portfolio assets are changed. Second, the correlation among U.S. stock markets and foreign stock markets appears to increase during times of market turmoil or bear markets. This implies that when investors need the effects of a low correlation the most, the correlation increases, to the detriment of the investor.
The results from previous research do not definitively resolve the effects of international diversification. This study adds to previous literature by examining the historical performance of internationally diversified portfolios. We specifically address the performance of portfolios comprised of U.S. stocks, global stocks, and U.S. corporate bonds by examining how international diversification affects the withdrawal of funds from a retirement portfolio.
Data and Analysis
Similar to CHW ( (1994) and CHW (1998 CHW ( , 1998 include this period. We feel two factors support the inclusion of this period. First, recent research (such as Siegel (2002)) has argued that the market risk premium during the most of the 1900s was historically too high.
Including this data adds a relatively low market risk premium period to our study.
Second, ignoring part of the available data is a form of data mining. While it can be argued the 1930-1945 period should be ignored because of the unique economy that is unlikely to be repeated, it can also be argued we should also exclude the bull market of the 1990s since it was also a very unique period that is unlikely to be repeated.
We begin each month with a hypothetical $1,000,000 portfolio 1 . We use fund withdrawal rates from 4 percent to 12 percent per year. Similar to CHW (1999), we analyze monthly withdrawals. At a 6 percent withdrawal rate, the annual withdrawal is $60,000 per year, which is withdrawn as $5,000 each month. The withdrawal is considered a success if the portfolio never has a value less than zero, and has a terminal value of zero or greater. We then calculate the success rate as the number of successful portfolios divided by the number of portfolios with the same withdrawal length and asset weights.
We also account for the effects of inflation in fund withdrawals. The effects of inflation can greatly affect the necessary withdrawals. For example, at a 3.5 percent inflation rate and a 30-year retirement period, $1 in buying power at the beginning of the period has about $0.35 in buying power at the end of the period. We account for the effects of inflation in the year after it has occurred. For example, assume a 6 percent withdrawal rate and 3 percent inflation rate the first year. The first year withdrawals would be $60,000, or $5,000 per month. The second year withdrawals would increase by 3 percent to $61,800, or $5,150 per month. While individuals can increase withdrawals to match expected inflation, the implementation of expected inflation in empirical work is problematic due to the heterogeneity in forming these expectations. Therefore, individuals in our analysis change withdrawals in subsequent periods in response to actual realizations of inflation at the end of the current period.
The beginning withdrawal amount is not adjusted for inflation. While $1,000,000
today is certainly worth less in real terms than the same amount in 1930, the real value in 1930 does not matter since we are looking at percentage withdrawals. If the initial portfolio value is increased/decreased to account for inflation, it will increase/decrease the dollar withdrawal amount as well. As a result, the date at which the portfolio is no longer able to sustain withdrawals will remain unchanged.
This method of withdrawal implicitly assumes portfolio rebalancing each month.
We do not include rebalancing costs in our analysis. While transaction costs of rebalancing could have potentially been large in the past, current retirees can rebalance at a very low cost by using no-load index mutual funds or exchange-traded funds (ETFs).
Taxes on portfolio gains are not considered. If the portfolio is held in a tax-deferred vehicle such as an IRA or 401k, taxes on the gains can be ignored since they are not paid until withdrawal. While taxes on withdrawals must be paid, we have not included taxes in our analysis. For our purposes, the withdrawals are pretax. For example, a portfolio with 80 percent U.S. stocks and 20 percent U.S. bonds and a 10 percent withdrawal rate had an 82 percent success rate in lasting for 15 years.
Results
The comparable portfolio consisting of global stocks had only a 42 percent success rate in lasting for 15 years. Similarly a 60 percent U.S. stock / 40 percent U.S. bond portfolio with an 8 percent withdrawal rate had a 65 percent success rate in lasting for 30 years.
The comparable global stock / bond portfolio had only an 18 percent success rate. Diversification effects are also shown by comparing the success rates from Table   1 and Table 2 . The U.S. stock / U.S. bond portfolios and the U.S. stock / global stock portfolios have similar success rates for withdrawal rates below 7 percent for portfolios with at least 40 percent U.S. stock. When the withdrawal rates increase beyond 7 percent, the U.S. stock / global stock portfolios often exhibit a higher success rate than the comparable U.S. stock / U.S. bond portfolios. Thus, for a portfolio of U.S. stocks, at lower withdrawal rates, global stocks provide a diversification benefit that appears to be similar to U.S. bonds. Each portfolio is examined with varying portfolio weights.
The results of the study indicate that for a domestic portfolio consisting of at least 60 percent U.S. stocks, and a nominal withdrawal rate of 6 to 7 percent is generally sustainable for a period as long as thirty years. For the entire period, the results show that a portfolio consisting of the S&P/IFC Composite Global Index and U.S. corporate bonds would have been less successful in providing fixed withdrawals from a retirement portfolio. However, in recent years, portfolios consisting of global stocks have often had
higher terminal values than U.S. stock portfolios.
We also find there is significant evidence of the importance of timing the 
